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Abstract 
The main impacts on electrical systems, for transmission operators, are variations of the voltage and changes of the 
power flows. In this paper we detail how we have identified the main characteristics of a DFIG based wind generator. 
Simulation results of this model will be compared with experimental results measured on the real 1.5 MW wind 
generator. Thanks to the use of power electronic converters this variable speed wind generator is controlled according 
to four operating modes. A modeling of power electronic converters has been developed to highlight the impact of the 
switching phenomena and the power quality of the generated quantities. 
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1. Introduction 
Actually, the market for variable speed wind turbines is oriented to the design of high power wind 
generation systems (2 MW and more) [1], [2], [3]. The most specific generators are doubly fed induction 
generators (DFIG), they have great interests since they are able to generate Controllable high power 
thanks to reduced rated power converters in comparison with other same power technologies [4]. As wind 
power penetration continues to increase, more widely applicable methodologies have to be developed for 
evaluating the actual benefits and technical constraints of adding wind turbines to conventional generating 
systems.  
In this paper a wind doubly fed generator system whose wound rotor is connected to the grid via two 
back-to-back voltage source inverters is considered. An adequate dynamic model of the global system 
taking into account the switching nature of the power converters is developed and identified with the help 
of experimental measurements. In results, two ideal voltage sources, one controlling the rotor current and 
one controlling grid currents are used [5]. In order to take into account the switching nature of the 
converters, the proposed model allows observing the harmonic content of the different state variables. 
Thus, a model of power converters taking into account a large frequency spectrum (1kHz–10kHz) is 
developed. The complexity of this model results from a compromise between  
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the global computing time and the desired accuracy. The control strategy is operating in four domains and 
concerns the control of the reactive power, the power quality and the control of the intermediary DC bus. 
The proposed global model is simulated with the help of Matlab-Simulink. 
The wind energy conversion system (WECS) is presented and quantities easy to measure are 
highlighted. Recorded data, which will be useful for the design of a model, are shown. Then a simple 
mathematical model of the turbine and of the mechanical parts is considered. Main parameters are 
retrieved from recorded data. Hence the modeling of the DFIG and the power electronic cascade is 
presented. The control strategy of this system is described. The proposed global model is simulated with 
the help of Matlab-Simulink. Then, by considering experimental measurements during ten hours on a real 
1.5 MW doubly fed induction generator (DFIG), simulation results are compared with the equivalent 
measured data for a measured wind profile. Finally, the utility of this model is shown by evaluating 
impacts on power quality (voltage fluctuations and harmonics) of this wind generator into an electrical 
network, which is simulated with the help of the Sim Power System toolbox. 
2. System Configuration 
Figure 1 shows the overall wind generation system. Stator windings are directly connected to the grid 
and the wound rotor is connected to the grid via two back-to-back voltage source inverters. The grid side 
converter is connected via three chokes to filter the current harmonics. Hence rotor currents can be 
controlled with a wished frequency and power quality of grid currents can be guaranteed.  
In order to identify main parameters of a turbine model and main time constants of the control system, 
the time evolution of mechanical and electrical quantities have been measured onto a 1.5 MW DFIG wind 
generator every 10 seconds during 10 hours. The main interest of these sensed data is that they cover all 
operating domains of the wind turbine because of the large variation of the recorded wind speed (fig. 2).  
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Fig. 1. A DFIG based WECS     Fig. 2. Measured wind speed 
 
3. Modelling of the turbine and mechanical parts 
 
3.1 Turbine modelling 
A wind turbine is characterized by its aero dynamical torque, which is given by:  
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tΩ  is the angular speed of the turbine, v is the wind speed, β is the pitch angle, S is the swept area of the 
turbine and ρ  is the air density.  
The power coefficient ( )βλ ,C p  represents the aerodynamic efficiency of the wind turbine. It depends 
on the blade design, the tip speed ratio λ  and the pitch angle of the blades β . The tip speed ratio is 
defined as the ratio between the blade tip speed and the wind speed: 
 v
R  tΩλ =     (2)  
  R is the blade length Identification of the power coefficient  
A mathematical expression of the ),(C p βλ  characteristic has been obtained from these data by using an 
approximate equation [6] [7]: 
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So the model of the wind turbine is represented as a bloc with two inputs (the wind speed and the 
turbine speed) and one output (the aerodynamic torque) (fig. 3). 
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 Fig. 3. Control system of the DFIG based WECS 
3.2 Modelling of the DFIG 
 
A common used model for the DFIG is the Park model. By considering the fundamental harmonic of 
the air gap flux distribution, the space vector theory yields equations of the DFIG in the form: 
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In these equations,  
– srs  L RR ,, and rL are the resistances and inductances of the stator and rotor windings, 
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– M is the main inductance, 
– drqsdsqrdrqsdsqrdrqsds  , , , i, i, i, i, v, v, v,v φφφ and qrφ are the d and q components of the space vectors 
of the stator and rotor voltages, currents and flux, 
– rω is the speed of the rotor current and 
– sω is the speed of the stator current. 
The used torque expression for the control design is expressed with stator quantities: 
  dsqsqsdsem i    iT φφ −=    (6) 
3.3 Modelling of the power converters and the DC bus 
The direct access to the rotor circuit provides a mean to control the generator. For the modeling of power 
electronic, converters we will consider that semiconductors are ideal: instantaneous commutations and no 
power dissipation. Then the power electronic inverter may be considered as three commutation cells of 
two ideal switches. We consider that the switch in row r and column c is closed if src = 1 and open if src = 
0 [10],[11]. This switching function is the theoretical (and considered effective) state of the switch. In 
each commutation cell both switching functions have complementary states. Then modulated voltages 
may be The time evolution of the DC voltage is given by the following equation: 
 gmrm i i dt
du.C −=   (7) 
4. CONTROL SYSTEM 
4.1 Vector control of the DFIG 
Many algorithms exist for vector control of a D.F.I.G. We explain a practical strategy, which can be 
easily simulated as well as implemented in a real time controller. The expression of the torque is 
simplified if the flux is oriented in order to get [12]: 
 qr
s
dsqsdsem iL
M  iT φφ −==                                               (8) 
 4.2 Power monitoring of the generator 
From measured data the power versus speed characteristic is drawn in fig. 4 and highlights the global 
strategy of the power control.  
After the starting, a control strategy is designed to extract the maximum power from the wind by 
setting a torque reference in the Maximum Power Point Tracking (M.P.P.T.) region. This implies large 
variations of the mechanical speed and large variations of the electrical power. A simple strategy consists 
in tracking the maximum power by varying the mechanical speed. Hence the expression of the 
electromagnetic torque reference is proportional to the mechanical speed of the generator, which is sensed 
[15]: 
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In a third region the speed is regulated to a value a little bit higher than the synchronous speed to get a 
hyper synchronous operation. For this operation, the torque reference is set by a closed loop control of the 
speed (to the value 1750 rpm, see fig. 4). Hence the electrical power is nearly proportional the torque. 
In the last region a pitch control enables to limit the power to the maximum rated value (1.55 MW) 
while the tip speed ratio is forced to decrease the power. 
From this characteristic a power monitoring can be derived according to the four regions in order to set 
a prescribed torque-speed curve in the model (that the DFIG has to track). 
5. Validation of the model and harmonic propagation 
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This model has been used to asses various technical norms concerning protections and voltage 
deviations in the grid. As example we consider that the wind generator is connected with a 690V/15kV 
transformer to a substation, which is located 2 km from a High Voltage (HV) transformer. The remaining 
15 kV distribution network has been simulated with Sim Power System (fig. 5). Loads have been replaced 
by an equivalent unique load, which is connected at each bus 
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Fig. 4 Operating regions of the WECS 
 
. The short circuit power is 1300MVA, based on the 3 phase short circuit currents at the 70kV terminal. 
The 70kV grid is modelled by a Thevenin equivalent model whose impedances have been determined by 
the magnitude and modulus of the 3 phase short circuit currents. Fig. 6 shows the spectral analysis of one 
transformer current. The grid frequency is 50Hz and the modulation frequency of power electronic 
converters is 5 kHz. In the transformer current spectral analysis, we find the same harmonics due to the 
switching frequency of the converters with a less magnitude, about 0.4% of the RMS current. 
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Fig.5.  Architecture of the distribution network  Fig. 6  Spectral analysis of the total current in the transformer 
6. Conclusion 
It becomes very important to develop realistic simulation models that are practically useful for 
reliability and power system analysis of grids in presence of massive wind power generators. In this paper, 
we have presented measured data on a real 1.5 MW DFIG wind turbine. These measurements, carried out 
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within the framework of the National Center of technological Research by Suez - Laborelec, have been 
used to identify the model parameters, and the control system parameters of a wind generator model (time 
response, etc). Simulation results obtained for a measured wind profile have been compared with 
measured data and have shown a good accuracy.  
Then we have used this model for predicting future impacts of this wind generator inside a distribution 
network. The influence of the wind production according to the wind speed variations on the currents and 
voltages at various locations in the grid were highlighted. This model allows checking this decentralized 
production with the existing connection standards in a distribution network. 
In order to model the switching phenomena of the power converters, a model of the wind generator was 
developed by assuming the power converter operating with ideal switches. Spectral analysis of electrical 
quantities in a distribution grid demonstrates that harmonic propagation of this system is weak in the 
considered network. In order to increase the precision of this harmonic analysis, it would be necessary to 
have high frequency models of traditional elements constituting the networks (lines, transformer...). 
However the present study has highlighted interesting use of the identified wind generator model for 
power system analysis of a grid including wind power with a reasonable accuracy. 
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